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Physical Vapor Deposition Components and Methods of Formation 



TECHNICAL FIELD 

The invention relates to physical vapor deposition (PVD) components, for 
5 example, sputter targets, and methods of forming PVD components and sputter 
targets, including magnetic flux enhancement methods for PVD components. 



BACKGROUND OF THE INVENTION 

Sputtering is a common physical vapor deposition (PVD) process used often 
10 in semiconductor processing as well as other processing and fabrication. The 
properties of a PVD component, such as a target, impose varying effects on 
properties exhibited by a deposited film. Grain size is known to influence deposited 
film uniformity and is preferably less than about 100 microns. Further, as grain size 
increases, a phenomenon known as secondary re-crystallization can be observed 
15 wherein isolated domains of extremely large grains (greater than about 200 

microns) appear in a component material. Secondary re-crystallization can also be 
detrimental to deposited film uniformity. Other properties of a component 
material may effect deposited film uniformity and limit target life as well. 

Accordingly, a need exists to reduce grain size of sputtering targets and 
20 identify material properties beneficial to forming deposited films and prolonging 
target life. 

SUMMARY OF THE INVENTION 

In one aspect of the invention, a PVD component forming method includes 
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inducing a sufficient amount of stress in the component to increase magnetic pass 
through flux exhibited by the component compared to pass through flux exhibited 
prior to inducing the stress. The method may further include orienting a majority 
crystallographic structure of the component at (200) prior to inducing the stress, 
5 wherein the induced stress alone is not sufficient to substantially alter surface grain 
appearance. 

In another aspect of the invention, a physical vapor deposition (PVD) 
component forming method includes first cold working a component blank to at 
least about an 80% reduction in cross-sectional area. The cold worked component 

10 blank may be heat treated at least at about a minimum recrystallization temperature 
of the component blank and second cold worked to a reduction in cross-sectional 
area between about 5% to about 15% of the heat treated component. By way of 
example, at least one of the first and second cold working can comprise cold rolling. 
The component blank can consist essentially of nickel. At least one of the first and 

15 second cold working can be unidirectional and the heat treating may be performed 
with a fluidized bed furnace. Also, the heat treating can include substantially 
uniformly heating the cold worked component blank at least to the minimum 
recrystallization temperature in less than about 60 minutes. The cold worked 
component blank can be maintained at least at the minimum recrystallization 

20 temperature for less than about 60 minutes. 

In another aspect of the invention, a sputter component forming method can 
include unidirectionally first cold working a component blank to at least about an 
80% reduction in cross-sectional area and heat treating the cold worked component 
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blank at least at about a minimum recrystallization temperature of the component 
blank. A sufficient amount of stress may be induced in the heat treated component 
to increase magnetic pass through flux exhibited by the heat treated component 
compared to pass through flux exhibited prior to inducing the stress. 
5 In a further aspect of the invention, a sputter target forming method can 

include unidirectionally first cold rolling a target blank consisting essentially of 
nickel to at least about an 85% reduction in cross-sectional area. Heat treatment of 
the cold rolled target blank can occur at a temperature between about 427 °C 
(800 °F) to about 482 °C (900 °F) for less than about 60 minutes. Second cold rolling 
10 of the heat treated target blank can occur to a reduction in cross-sectional area of 
about 10% of the heat treated component. The second cold rolled target blank may 
exhibit at least about 70% of a surface area at least within selected boundaries of a 
surface of the second cold rolled target blank having a (200) texture. 

In another aspect of the invention, a magnetic flux enhancement method for 
15 a sputter component includes combining unidirectional cold working of a sputter 
component with heat treatment at about a minimum recrystallization temperature 
and orienting predominant crystallographic structure preferentially at (200). The 
method may include additional unidirectional cold working in a same direction as 
initially cold worked. 

20 In a still further aspect of the invention, a PVD component includes nickel 

exhibiting a (200) texture over at least about 50% of a surface area at least within 
selected boundaries and having a sufficient amount of residual stress to exhibit 
higher magnetic pass through flux compared to pass through flux exhibited absent 

3 
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such stress. Additional aspects of the invention include PVD components or targets 
produced by the methods described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Preferred embodiments of the invention are described below with reference 

to the following accompanying drawing. 

The figure shows a chart comparing magnetic pass through flux of a sputter 
target according to the present invention compared to a conventional target. 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The need to reduce grain size of sputter targets and identify crystallographic 
orientations and magnetic properties beneficial to forming sputter films has 
prompted investigation of physical vapor deposition (PVD) component forming 
methods. Observation indicates that crystallographic orientation and magnetic 
15 softness or hardness may also influence sputter film uniformity. Magnetically soft 
materials may attenuate the magnetic flux from a sputter apparatus cathode, 
focusing the magnetic field to a small portion of a sputter target. The focused field 
can result in a sharp, deep sputter track that accelerates burn-through and limits 
target life. 

20 In the context of the present application, "magnetically soft" materials 

exhibit a tendency to lose magnetization more quickly in comparison to a 
"magnetically hard" material. Magnetically soft materials often can be magnetized 
and demagnetized readily with little or no permanent magnetization (remanence). 

4 
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Generally, magnetically hard materials are more difficult to magnetize, but retain 
remanent magnetization. Also, a "sputter component" used in the context of the 
present application denotes sputter targets as well as other components in a sputter 
chamber that may undergo sputtering. The processing parameters described herein 
5 for PVD component forming methods and magnetic flux enhancement methods 
pertain particularly to sputter targets containing nickel, but may also apply to PVD 
components of other compositions. 

In one aspect of the invention, a PVD component forming method includes 
first cold working a component blank to at least about an 80% reduction in cross- 

10 sectional area. Next, the cold worked component blank may be heat treated at least 
at about a minimum recrystallization temperature of the component blank. The 
heat treated component blank can be second cold worked to a reduction in cross- 
sectional area between about 5% to about 15% of the heat treated component. 
The high level of first cold work may assist in reducing secondary 

15 recrystallization effects that result in anomalous rapid grain growth in isolated 

domains. Typically, the objective of the cold working is to minimize the artifacts of 
pre-existing structure, such as grain size and texture, from the starting component 
blank. The artifacts can be merely cosmetic (swirls, ghosts, etc.) but can also be 
non-uniform structures in portions of the first cold worked component. It is 

20 desirable to maximize uniformity by cold working and observation indicates that 
about 80-90% cold work can be adequate. Preferably, cross-sectional area is 
reduced by at least about 85% to obtain a preferred level of uniformity and 
minimization of artifacts. 
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Cold working preferably comprises cold rolling, however, extrusion, drawing, 
forging, and other cold working methods known to those skilled in the art may also 
be suitable. Also, preferably cold rolling or other cold working can be 
unidirectional to produce a high level of (200) crystallographic orientation. One 
5 disadvantage of unidirectional cold rolling is generation of scrap material. 
Conventionally, "round to round" rolling allows a higher utilization level for 
starting material compared to unidirectional rolling, that generates more scrap 
because of limitations on rolling directions. 

However, unidirectional rolling provides advantageous crystallographic 

10 orientation. For example, the first cold worked component blank may exhibit an 
orientation ratio of at least 50% (200) or, preferably, at least about 70% (200). In 
measuring orientation ratio, at least 50% or at least 70% of a surface area at least 
within selected boundaries of a surface of the first cold worked component blank 
may exhibit a (200) texture. Cross-rolling or "round-to-round rolling" can be 

15 detrimental, even in small amounts, to obtaining a majority (200) texture. However, 
simple unidirectional cold rolling of a nickel sputter target blank has been observed 
to produce a majority (200) texture. Preferably, the component blank consists 
essentially of nickel. However, other materials, particularly those having a face- 
centered cubic crystalline structure, may be suitable to achieve the advantages of 

20 the various aspects of the invention. The first cold working, as well as the second 
cold working, may occur at a temperature of about 20 °C (68 °F) or some other 
suitable temperature known to those skilled in the art to be considered cold 
working. 
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The heat treating may comprise substantially uniformly heating the cold 
worked component blank at least to the minimum recrystallization temperature in 
less than about 60 minutes. Such a heating step, or annealing, is desirable since 
lengthy, high temperature annealing is known to lead to secondary recrystallization 
5 and produce the detrimental effects of PVD component microstructure described 
above. The heated, cold worked component blank may be maintained at least at 
the minimum recrystallization temperature for less than about 60 minutes. 

The initial heating and maintaining the temperature may be performed in a 
fluidized bed furnace. Fluidized bed furnaces can impart quick and uniform heat 

10 transfer to the cold worked PVD component blank. A variety of fluidized bed 
furnaces known to those skilled in the art may be suitable for accomplishing the 
heat treating described herein. A variety of heat transfer media may be used in the 
fluidized bed furnace, for example, alumina has proven suitable. Other fast-transfer 
methods, such as quartz-bulb (infrared) or electric induction furnace, may be used 

15 in the place of a fluidized bed furnace to heat the PVD component blank quickly 
and uniformly. 

After maintaining the cold worked component blank at the described 
temperature, the component blank may be air cooled to 20°C (68°F) or another 
desired temperature. Alternatively, the component blank may be quenched to a 
20 temperature less than the minimum recrystallization temperature. A suitable heat 
treating temperature may be between about 371 °C (700 °F) to about 1200 °C 
(649 °F) or, preferably, between about 427 °C (800 °F) to about 482 °C (900 °F). The 
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range of 800°F to 900 °F is particularly suitable for a sputter target blank consisting 
essentially of nickel. 

After heat treating, the PVD component blank preferably exhibits an 
average grain size of less than about 50 microns. Average grain size can be 
5 measured by a variety of techniques, for example, one suitable technique is ASTM 
Test Method E112. When measuring average grain size or texture, as in a (200) 
texture, such measurement may occur within selected boundaries of at least a 
portion of a surface area of the PVD component blank. As an example, the 
measured area defined by the selected boundaries may include at least about a 

10 statistically representative area. The statistically representative area may be 

calculated by any current or future method known to those skilled in the art. Also, 
it may be desirable to evaluate whether an outer surface of a specimen accurately 
reflects grain size or texture of the overall microstructure by removing an outer 
surface to expose inner portions of a specimen. An unrepresentative measurement 

15 might skew data such that a more narrow or wide distribution of grain size or 

texture is calculated than would result from evaluating the entirety of measurable 
surfaces of a specimen. Evaluating all of the surfaces of a specimen that are 
conducive to the measurements indicated (i.e., measurable) may be possible. Even 
so, evaluating representative areas is more efficient and thus desirable. Rules of 

20 thumb or other methods may be known in the art for selecting a representative 
area, in addition to Test Method El 12 referenced above. 

Second cold working the heat treated component blank may be used to 
reduce cross-sectional area to between about 5% to about 15% of the heat treated 
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component. The small amount of cold working after heat treatment has been 
observed to create a small amount of residual stress in the target and yield a 
relatively large increase in the magnetic flux that may pass through a PVD 
component blank as measured perpendicular to the blank face. The amount of 

5 stress is small enough to be virtually undetectable visually and mechanically and has 
not been observed to degrade sputtered films formed from such a component. It 
appears that the induced stress alone is not sufficient to substantially alter surface 
grain appearance. 

Preferably, the second cold working reduction in cross-sectional area is 

10 about 10%. Also, preferably the second cold working comprises cold rolling and 
can comprise a different cold working process than used for the first cold working. 
The second cold working is also preferably unidirectional as described for the first 
cold working, but only one might be unidirectional. Preferably, the first and second 
cold working are both unidirectional and each are in the same direction. Working 

15 in the same direction further minimizes any impact of the second cold working on 
desirable grain size and texture obtained from first cold working and heat treating. 

Accordingly, the method of the present aspect of the invention can produce 
a PVD component that exhibits a (200) texture over at least about 50% of a surface 
area. The component may also exhibit an average grain size of less than about 50 

20 microns. The grains may have an adequate amount of residual stress to enhance 
magnetic flux. In this manner, a PVD component will exhibit a small grain size and 
also exhibit a crystallographic orientation properly stressed to allow a higher pass 
through flux (PTF) than absent the stress, prolonging target life. Fig. 1 is a chart 
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showing an overall increase in PTF for a (200) nickel sputter target produced 
according to the present aspect of the invention in comparison to a conventional 
(220) nickel sputter target without induced stress. 

One possible explanation for the PTF improvement of the invention in the 

5 case of nickel targets relates to the magnetostriction properties of nickel. Speaking 
simplistically, a magnetic field causes the face centered cubic crystalline structure of 
nickel to constrict. When nickel grains of a sputter target are oriented with a (200) 
texture, a magnetic field perpendicular to the target face produces constriction in a 
direction also perpendicular to the target face. A portion of the magnetic field is 

10 thus involved in the constriction, affecting PTF. Inducing stress in the target to 
produce constriction before exposure to a magnetic field is observed to increase 
PTF. It is presumed that the induced constriction reduces further constriction by 
the magnetic field, involving less of the magnetic field and allowing more flux. 
Accordingly, in one aspect of the invention, a PVD component forming 

15 method includes inducing a sufficient amount of stress in the component to increase 
magnetic pass through flux exhibited by the component compared to pass through 
flux exhibited prior to inducing the stress. A variety of stress inducing methods 
other than cold working may be suitable to accomplish the method. The method 
may further include orienting a majority crystallographic structure of the 

20 component at (200) prior to inducing the stress, wherein the induced stress alone is 
not sufficient to substantially alter surface grain appearance. In this manner, 
beneficial characteristics of grain size and texture are largely unaffected, but PTF 
can be improved. It is conceivable that textures other than (200) and materials 

10 
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other than nickel may also be suitable for practicing the methods described herein 
with analogous advantages. 

In another aspect of the invention, a sputter component forming method 
may include unidirectionally first cold working a component blank to at least about 
an 80% reduction in cross-sectional area. The cold worked component blank may 
be heat treated at least at about a minimum recrystallization temperature of the 
component blank. A sufficient amount of stress may be induced in the heat treated 
component to increase magnetic pass through flux exhibited by the heat treated 
component compared to pass through flux exhibited prior to inducing the stress. 
Such a method can achieve at least some of the advantages described herein as 
desirable for sputter components. Inducing stress may include unidirectionally 
second cold working the heat treated component to a reduction in cross-sectional 
area between about 5% to about 15% of the heat treated component. The second 
cold working used in the described method may further improve the desirable 
properties of the sputter component. 

In a further aspect of the invention, a sputter target forming method can 
include unidirectionally first cold rolling a target blank consisting essentially of 
nickel to at least about an 85% reduction in cross-sectional area. The cold rolled 
target blank can be heat treated at a temperature between about 427 °C (800 °F) to 
about 482 °C (900 °F) for less than about 60 minutes. The heat treated target blank 
can be second cold rolled to a reduction in cross-sectional area of about 10% of the 
heat treated component. At least about 70% of a surface area at least within 
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selected boundaries of a surface of the second cold rolled target blank may exhibit a 
(200) texture. 

In another aspect of the invention, a magnetic flux enhancement method for 
a sputter component may include combining unidirectional cold working of a 
5 sputter component with heat treatment at least at about a minimum 

recrystallization temperature. The method may further include orienting 
predominant crystallographic structure preferentially at (200) followed by 
additional unidirectional cold working in a same direction as initially cold worked. 
In keeping with the aspects of the invention described above regarding 
10 methods of forming PVD components, a PVD component in another aspect of the 
invention may consist essentially of nickel exhibiting a (200) texture over at least 
about 50% of a surface area at least within selected boundaries. As described, the 
selected boundaries may define a representative test area. The component may 
have a sufficient amount of residual stress to exhibit higher magnetic pass through 
15 flux compared to pass through flux exhibited absent such stress. 

In compliance with the statute, the invention has been described in language 
more or less specific as to structural and methodical features. It is to be 
understood, however, that the invention is not limited to the specific features shown 
and described, since the means herein disclosed comprise preferred forms of 
20 putting the invention into effect. The invention is, therefore, claimed in any of its 
forms or modifications within the proper scope of the appended claims 
appropriately interpreted in accordance with the doctrine of equivalents. 
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CLAIMS 

1. A physical vapor deposition (PVD) component forming method 
comprising inducing a sufficient amount of stress in the component to increase 
magnetic pass through flux exhibited by the component compared to pass through 

5 flux exhibited prior to inducing the stress. 

2. The method of claim 1 wherein the inducing a sufficient amount of stress 
comprises cold working to a reduction in cross-sectional area between about 5% to 
about 15%. 

3. The method of claim 1 further comprising orienting a majority 

10 crystallographic structure of the component at (200) prior to inducing the stress, 
wherein the induced stress alone is not sufficient to substantially alter surface grain 
appearance. 

4. The method of claim 3 wherein the orienting the majority 
crystallographic structure comprises cold working a component blank to at least 

15 about an 80% reduction in cross-sectional area followed by heat treating at least at 
about a minimum recrystallization temperature of the component blank. 

5. The method of claim 4 wherein the reduction in cross-sectional area is at 
least about 85%. 

6. The method of claim 1 wherein the component exhibits a (200) texture 
20 over at least about 50% of a surface area at least within selected boundaries. 
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7. The method of claim 1 wherein the component exhibits an average grain 
size of less than 50 microns. 

8. The method of claim 1 wherein the component consists essentially of a 
material having a face-centered cubic crystalline structure. 

5 9. The method of claim 1 wherein the component consists essentially of 

nickel. 
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10. A PVD component forming method comprising: 

first cold working a component blank to at least about an 80% reduction in 
cross- sectional area; 

heat treating the cold worked component blank at least at about a minimum 
5 recrystallization temperature of the component blank; and 

second cold working the heat treated component blank to a reduction in 
cross-sectional area between about 5% to about 15% of the heat treated 
component. 

11. The method of claim 10 wherein the second cold worked component 
10 blank exhibits a (200) texture over at least about 50% of a surface area at least 

within selected boundaries. 

12. The method of claim 11 wherein the second cold worked component 
blank exhibits a (200) texture over at least about 70% of the surface area. 

13. The method of claim 10 wherein at least one of the first and second cold 
15 working comprises cold rolling. 

14. The method of claim 10 wherein the component blank comprises a 
sputter target blank. 

15. The method of claim 10 wherein the component blank consists essentially 
of nickel. 
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16. The method of claim 10 wherein the first and second cold working occur 
at about 20 °C (68 °F). 

17. The method of claim 10 wherein at least one of the first and second cold 
working is unidirectional. 

5 18. The method of claim 10 wherein the first and second cold working are 

both unidirectional and each in a same direction. 

19. The method of claim 10 wherein the heat treating comprises: 
substantially uniformly heating the cold worked component blank at least to 

the minimum recrystallization temperature in less than about 60 minutes; and 
10 maintaining the cold worked component blank at least at the minimum 

recrystallization temperature for less than about 60 minutes. 

20. The method of claim 10 wherein the heat treating is performed with a 
fluidized bed furnace. 

21. The method of claim 10 wherein the heat treating occurs between about 
15 371 °C (700 °F) to about 649 °C (1200 °F). 

22. The method of claim 21 wherein the heat treating occurs between about 
427 °C (800 °F) to about 482 °C (900 °F). 

23. The method of claim 10 wherein the second cold working reduction in 
cross-sectional area is about 10%. 
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24. A sputter component forming method comprising: 
unidirectionally first cold working a component blank to at least about an 

80% reduction in cross-sectional area; 

heat treating the cold worked component blank at least at about a minimum 
recrystallization temperature of the component blank; and 

inducing a sufficient amount of stress in the heat treated component to 
increase magnetic pass through flux exhibited by the heat treated component 
compared to pass through flux exhibited prior to inducing the stress. 

25. The method of claim 24 wherein inducing the stress comprises 
unidirectionally second cold working the heat treated component blank to a 
reduction in cross-sectional area between about 5% to about 15% of the heat 
treated component. 



17 



■H0001190(4016) 

26. A sputter target forming method comprising: 

unidirectionally first cold rolling a target blank consisting essentially of 
nickel to at least about an 85% reduction in cross-sectional area; 

heat treating the cold rolled target blank at a temperature between about 
427 °C (800 °F) to about 482 °C (900 °F) for less than about 60 minutes; and 

second cold rolling the heat treated target blank to a reduction in cross- 
sectional area of about 10% of the heat treated component, at least about 70% of a 
surface area at least within selected boundaries of a surface of the second cold 
rolled target blank exhibiting a (200) texture. 
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27. A magnetic flux enhancement method for a sputter component 
comprising combining unidirectional cold working of a sputter component with heat 
treatment at least at about a minimum recrystallization temperature and orienting 
predominate crystallographic structure preferentially at (200) followed by 
additional unidirectional cold working in a same direction as initially cold worked. 

28. A PVD component produced by the method of claim 1. 

29. A sputter component produced by the method of claim 24. 

30. A sputter target produced by the method of claim 26. 
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31. A PVD component consisting essentially of nickel exhibiting a (200) 
texture over at least about 50% of a surface area at least within selected boundaries 
and having a sufficient amount of residual stress to exhibit higher magnetic pass 
through flux compared to pass through flux exhibited absent such stress. 

32. The component of claim 31 wherein the selected boundaries define a 
representative test area. 

33. The component of claim 31 wherein the metal exhibits an average grain 
size of less than about 50 microns. 
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ABSTRACT OF THE DISCLOSURE 

A PVD component forming method includes inducing a sufficient amount of 
stress in the component to increase magnetic pass through flux exhibited by the 
component compared to pass through flux exhibited prior to inducing the stress. 
The method may further include orienting a majority crystallographic structure of 
the component at (200) prior to inducing the stress, wherein the induced stress 
alone is not sufficient to substantially alter surface grain appearance. Orienting 
structure may include first cold working a component blank to at least about an 
80% reduction in cross-sectional area. The cold worked component blank can be 
heat treated at least at about a minimum recrystallization temperature of the 
component blank. Inducing stress may include second cold work to a reduction in 
cross-sectional area between about 5% to about 15% of the heat treated 
component. At least one of the first and second cold working can be unidirectional. 
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